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(54) Ink jet recording apparatus 

(57) An ink jet recording apparatus comprises: an 
ink jet recording head (7,8) for jetting an ink droplet in 
accordance with printing data; an ink cartridge (9,10) 
supplying ink to said recording head (7); capping means 
(14,15) for sealing said recording head; a suction pump 
(1 6,1 7) for evacuating said capping means to a negative 
pressure; suction control means (29) for controlling suc- 
tion processing for discharging said ink by sucking said 
recording head (7,8) with said suction pump (16,17); 



and remaining ink level judging means (35) comprising 
means for judging a remaining ink level of said ink car- 
tridge (9,10); wherein, when said suction controi means 
(29) changes a way of consumption of ink when said 
remaining ink judging means (35) judges said remaining 
ink level to be equal to or smaller than a first judgement 
level. 
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Descrlptl n 

[0001 ] The invention relates to an ink jet recording apparatus that has a recording head that moves across the width 
of a recording paper and forms images by jetting ink droplets onto the recording paper so as to coincide with printing 

5 data. More specifically, the invention is directed to a technique for controlling the quantity of ink in an ink cartridge. 
[0002] An ink jet printer is an apparatus (i.e., an ink jet recording apparatus) that includes an ink jet recording head. 
The ink jet recording head is supplied with ink from a source of ink such as an ink cartridge (i.e., a means for storing 
ink, which may be referred to as ink storage means for convenience). The ink jet printer also includes means for moving 
the recording paper relative to the recording head (for convenience, this may be referred to as paper forwarding means) 

10 . The ink jet printer makes a recording by jetting ink droplets from the recording head in correspondence with a print 
signal. 

[0003] Because the ink used is a liquid, an ink jet printer must perform a variety of secondary operations and certain 
types of processing that are not involved in printers having wire dot recording heads or thermal recording heads. In par- 
ticular, some of the operations required of an ink jet recording apparatus are the charging of ink into the recording head, 
15 the forcible sucking and discharging the ink from the recording head to prevent clogging (due to the volatilization of an 
ink solvent), and the control over the remaining ink level in the ink storage means. 

[0004] Particular attention will now be paid to this latter operation, that is, the control over the remaining ink level in 
an ink storage means such as an ink cartridge. 

[0005] One approach to control over the remaining ink level is a hardware-based detection technique. According to 
20 this first approach, liquid level detecting means (such as electrodes) are attached to the ink storage means. This 
approach has drawbacks. In particular, providing liquid level detection hardware requires a more complicated structure 
for the ink storage means. This more complicated structure increases the cost of manufacture. 
[0006] Another approach to control over the remaining ink level is a software-based approach. This second 
approach helps to overcome the drawbacks of the first approach. Examples of this second, software-based approach 
25 may be found in (1) Examined Japanese Patent Publication No. Hei. 5-19467, (2) Examined Japanese Patent Publica- 
tion No. Hei. 8-2649, (3) Unexamined Japanese Patent Publication No. Hei. 5-88552, and (4) Unexamined Japanese 
Patent Publication No. Hei. 7-205419. The foregoing four examples of the second approach mention software which 
involves steps like: 

30 • integrating quantities of ink consumed, using a counter, based on the sum of the product of the number of dots dur- 
ing printing and the quantity of ink to be consumed per ink droplet and the product of the quantity of ink to be sucked 
per forced sucking operation for preventing the clogging of nozzle openings and the number of sucking operations; 

• displaying the remaining ink level by storing the integrated quantity of ink consumed; and 

• allowing the integrated quantity of ink consumed to be reset through an external operation. 

35 

That is, the approach to control of the remaining ink level evidenced in the four examples mentioned above is to use 
software. As the example steps just shown reveal, the general software-based approach takes advantage of the func- 
tions of a microcomputer incorporated in the recording apparatus. 

[0007] An ink jet recording apparatus that controls the remaining ink level by means of software, as in the above- 
40 identified second approach, can consecutively compute the quantity of ink consumed in relative terms correctly, 
although ink end detection accuracy may not so satisfactory. Therefore, by displaying the thus-computed quantity of ink 
consumed, the user can be kept informed of how much ink is being consumed. Color ink jet printers now are commonly 
in practical use. Color ink jet printers use diversified techniques to achieve high printing quality. Some of these diversi- 
fied techniques include using dark and light inks, adjusting the quantity of ink per ink droplet based on printing data, and 
45 changing print resolution in accordance with images and texts. All of these techniques tend to complicate proper control 
under the second approach described above. 

[0008] Another complicating factor relates to the maintenance processing of the printer. Maintenance processing 
includes the actions taken to prevent the clogging of the ink jet recording head. During such maintenance processing, 
certain quantities of ink are forcibly jetted or flushed from the ink jet recording head. Of course, this ink comes from the 
so ink storage means and must be accounted for. The quantities of ink to be forcibly jetted and flushed are meticulously 
specified, in a variety of ways; and the actual quantity consumed may vary in accordance with the present or recent 
operations of the recording head. 

[0009] The diversified techniques of color ink jet printing and the maintenance processing for preventing clogs 
result in a very complicated situation for which ink consumption must be predicted under the second (software-based) 
55 approach. The above-identified four examples of the second approach for controlling the remaining ink level cannot take 
care of such a complicated ink consumption situation without producing grave errors. The above-identified software- 
based approaches do not meet the requirement for providing an accurate determination of the remaining ink level. 
Because the remaining ink level cannot correctly be computed under the above-identified software-based approaches, 
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there is an increased risk of damage to ink jet recording heads operating under such approaches. In particular, the 
printer might attempt to jet ink droplets from the ink jet recording head even after all of the ink is used up. Such an oper- 
ation might easily cause fatal damage to an ink jet recording head due to the ink sucking operations performed for main- 
tenance. 

5 [001 0] There is yet another drawback to the above-identified four examples of the second approach to control of the 
remaining ink level. This drawback relates to the already mentioned counter. In particular, there may be a requirement 
that the user reset the remaining ink level control counter by operating a reset button whenever replacing an ink car- 
tridge. If the user replaces the cartridge without resetting the counter, an inconvenient situation arises. That is, because 
the user has forgotten to operate the reset button, printing operations cannot be performed even though the ink storage 

10 means (i.e., the ink cartridge) has available a plentiful supply of ink. 

[0011] It is an object of the present invention to overcome the shortcomings and drawbacks mentioned above. 
[0012] Therefore, a first object of the invention is to provide an ink jet recording apparatus that can prevent the 
recording head from being damaged accidentally even if the ink has been consumed in large quantities due to sucking 
operations and the like by computing the quantity of ink in the ink cartridge while minimizing erroneous integration of 

is such quantity to be caused by the turning off of the power supply or the like. A second object of the invention is to pro- 
vide an ink jet recording apparatus that can prevent the recording head from being broken by adjusting the quantity of 
ink to be sucked for the maintenance of recording head based on the correctly computed quantity of ink consumed. A 
third object of the invention is to provide an ink jet recording apparatus that can print data with the highest possible qual- 
ity even if the ink remaining in the ink cartridge is at a near end level. A fourth object of the invention is to provide an ink 

20 jet recording apparatus than can not only prevent the running out of ink by precluding underestimation of the quantity 
of ink to be sucked in association with the loading of an ink cartridge but also give a message to the effect that ink charg- 
ing processing after loading the ink cartridge has been terminated. A fifth object of the invention is to provide an ink jet 
recording apparatus that can judge the remaining ink level for a new ink cartridge by automatically resetting the quantity 
of ink consumed in the case where an old ink cartridge has been replaced with the remaining ink level therein being 

25 extremely low. 

[0013] To solve this object the present invention provides an ink jet recording apparatus as defined in independent 

claim. Preferrred embodiments of the invention are described in the dependent claims. 

[0014] The claims are understood as a first non-limiting approach for defining the invention. 

[0015] The invention is applied to an ink jet recording apparatus that includes: an ink jet recording head for jetting 
30 an ink droplet so as to correspond to printing data; an ink cartridge for supplying ink to the recording head; a capping 
means not only sealing the recording head but also being evacuated to a negative pressure by a suction pump; a suc- 
tion control means for controlling suction processing for discharging the ink by sucking the recording head with the suc- 
tion pump; and a remaining ink level judging means for controlling a quantity of ink in the ink cartridge by integrating 
quantities of ink discharged from the recording head. In such ink jet recording apparatus, the remaining ink level judging 
35 means adds a quantity of ink to be discharged by the suction processing as a quantity of ink consumed, the addition 
being made before performing the suction processing, and the suction processing is thereafter performed. 
[0016] The remaining ink level is calculated by estimating the quantity of ink to be used in a large volume for sucking 
as the quantity of ink consumed. Therefore, even if a power supply switch is turned off before the sucking operation is 
brought to an end, a possible erroneous overestimation of the remaining ink level in an ink cartridge can be precluded. 
40 Hence, the recording head can be prevented from being damaged by the sucking of ink and the printing performed with 
the remaining ink level being low. 

Fig. 1 is a perspective view showing an ink jet recording apparatus, which is an embodiment of the invention. 

Fig. 2 is a block diagram showing an embodiment of the invention. 
45 Fig. 3 is a flowchart showing the overall operation of the apparatus. 

Fig. 4 is a flowchart showing an operation for initialization processing out of the operation of the apparatus. 

Fig. 5 is a flowchart showing an operation for initial charging processing. 

Fig. 6 is a flowchart showing an operation for ink cartridge replacement processing. 

Fig. 7 is a flowchart showing an operation for cleaning processing. 
so Fig. 8 is a flowchart showing an operation for printing processing. 

Fig. 9 is a flowchart showing an operation for ink consumption check processing out of the operation of the appa- 
ratus. 

Fig. 10 is a flowchart showing large-scale suction processing, which is another embodiment of the invention. 
Fig. 1 1 is a flowchart showing small-scale suction processing, which is another embodiment of the invention. 

55 

[0017] Fig. 1 shows an embodiment of the invention. A carriage 1 is connected to a motor 3 through a timing belt 2 
and moves in parallel to a platen 5 while guided by a guide member 4. Recording heads 7, 8 are mounted on the car- 
riage 1 surface that confronts a recording paper 6. The recording head 7 jets black ink onto a printing region (left side 
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as viewed in Fig. 1) and the color printing recording head 8 is releasably mounted in a nonprinting region. The respec- 
tive recording heads 7, 8 jet ink droplets onto the recording paper 6 while having inks supplied by a black ink cartridge 

9 and a color ink cartridge 10, respectively. Further, switches 1 1 , 12 are disposed on the carriage 1 . These switches 1 1 , 
1 2 are turned on and off upon loading and unloading the ink cartridges 9, 1 0. 

5 [0018] A capping device 1 3 is formed by mounting a cap member 1 4 for sealing the black ink recording head 7 and 
a cap member 15 for sealing the color ink recording head 8 on the same slider. The cap members 14, 15 are large 
enough to seal the nozzle opening surfaces of the recording heads 7, 8 in single spaces, respectively, and are con- 
nected through tubes to a pump unit 18. The capping device 13 thus is an example of means for sealing the Inkjet 
recording head. 

10 [0019] The pump unit 18 includes two pumps 16, 17 that can be driven independently. As a result of this construc- 
tion, the capping device 13 seals the nozzle openings during a nonprinting period, and forcibly discharges ink from the 
recording heads 7, 8 while being evacuated to a negative pressure by the pump unit 18 when the ink jetting capability 
recovering operation is being performed. Further, a cleaner unit 19 is disposed in the vicinity of the capping device 13. 
Thus, the capping device 13 is an example of a structure that also doubles as a means for allowing the ink jet recording 

15 head to be evacuated to a negative pressure by the suction pump. Although the capping device performs the above- 
identified functions for sealing and for evacuation, it may, for convenience, be referred to simply as a capping means. 
[0020] Fig. 2 shows a controller for controlling the operation of the recording apparatus, the controller being an 
embodiment of the invention. A printing control means 20 generates bit map data based on printing data sent from a 
host, and jets ink droplets out of the recording heads 7, 8 by causing a head drive means 21 to produce drive signals 

20 based on the generated bit map data. 

[0021] An ink cartridge load/unload detecting means 22 detects the loading and unloading of the ink cartridges 9, 

10 from signal changeovers of the respective switches 11,12 disposed on the carriage 1. A load timer 23 resets itself 
upon loading the ink cartridges 9, 10 based on a signal from the ink cartridge load/ unload detecting means 22 and 
thereafter starts measuring time, and then stops measuring time upon unloading the ink cartridges 9, 10. 

25 [0022] A pump driving means 24 performs a sucking operation based on the sucking strength, the sucking time, 
and the sucking interval defined by a suction control means 29 to be described later. A power supply sensing means 25 
detects the supply of power to the apparatus, and outputs a signal upon turning on and off the power supply. A stop 
timer 26 starts measuring time upon turning off the power supply and stops measuring time upon turning on the power 
supply. That is, the stop timer 26 detects a time period during which the recording heads 7, 8 have continuously been 

30 sealed by the capping device 1 3. 

[0023] A flushing control means 27 jets a predetermined number of ink droplets out of all the nozzle openings of 
the respective recording heads 7, 8 after the carriage 1 has been evacuated to a flushing position, usually at the cap- 
ping position, by the printing control means 20 upon detection by a print timer 28 of a predetermined time period for 
which a printing operation has lasted. The flushing operation is performed to prevent and eliminate nozzle clogging. 

35 [0024] The suction control means 29 operates the respective pumps 17, 1 8 in a predetermined mode by delivering 
a signal to the pump drive means 24 with the recording heads 7, 8 sealed by the capping device 13 based on a signal 
from a suction mode specifying means 31 to be described later. The suction control means 29 is designed to intervene 
when a signal is received from an externally operable cleaning switch 30, when new ink cartridges 9, 10 are loaded, or 
when the stop timer 26 has measured a predetermined time upon turning on the power supply. The suction mode spec- 

40 ifying means 31 specifies a mode selected from one of three possible modes: large-scale suction mode, a small-scale 
suction mode, and a suction save mode in accordance with the remaining ink level of the ink cartridges 9, 10. 
[0025] An ink consumption operating means 32 reads the value corresponding to the quantity of ink consumed, 
which value is stored in a consumption storage means 33 to be described later. The ink consumption operating means 
32 performs this reading operation when power supply sensing means 25 senses the turning on of the power supply. 

45 [0026] The ink consumption operating means counts the number of ink droplets whenever a printing operation or a 
flushing operation is performed. Based on the counted number of ink droplets, the ink consumption operating means 
calculates the quantity of ink consumed. This calculation of the quantity of ink consumed may be performed by multi- 
plying the counted number of ink droplets by the quantity of ink per ink droplet. The quantity of ink used per ink droplet 
may be based on data stored in a coefficient setting means 37 to be described later. 

so [0027] When the suction control means 29 gives a suction command to the pump drive means 24, the ink consump- 
tion operating means may perform the calculation of the quantity of ink consumed by adding the quantity of ink to be 
sucked in advance. 

[0028] The coefficient setting means 37 stores data relating to the quantity of ink per ink droplet for color and black 
inks as shown in Tables 1 and 2. That is, the coefficient setting means 37 stores data on the quantity by weight of ink 
55 per ink droplet for color and black inks so as to correspond to print modes such as a high-definition print mode, a normal 
print mode, and a draft print mode as shown in Table 1. Further, the coefficient setting means 37 stores data on the 
quantity by weight of ink per ink droplet for color and black inks so as to correspond not only to flushing operations (such 
as flushing before printing, periodic flushing during printing, and flushing after printing) but also to print modes for peri- 
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odic flushing. 

[0029] It is preferred that the quantity of ink per ink droplet be calculated so as to be temperature-compensated 
based on temperature data sent from a temperature detecting means 40. To explain, it is assumed that at room temper- 
ature the ink droplet has a reference value of 1 . At a temperature of 30°C, the quantity of ink per ink droplet is actually 

5 about 1.03 times that of the reference value. At a temperature of 40°C, the quantity of ink per Ink droplet is actually 
about 1.05 times that of the reference value. As operating temperatures rise above room temperature, the quantity of 
the ink discharged has a larger volume due to the reduced viscosity caused by increased temperature. Thereby, the 
amount of ink expended per ink droplet can reliably be added as a quantity of ink consumed. Therefore, this tempera- 
ture compensation contributes greatly to determining correctly the ink consumption and thus is particularly contributory 

10 to preventing the running out of the ink during printing. 

[0030] When the power supply sensing means 25 detects the turning off of the power supply, the calculated quan- 
tity of ink consumed is stored in the consumption storage means 33, and when a signal from a reset means 34 is 
applied upon detection of replacement of the ink cartridges 9, 1 0 by the ink cartridge load/unload detecting means 22, 
the calculated values are reset. 

is [0031] A remaining ink level judging means 35 calculates a difference between the quantity of ink contained in the 
respective ink cartridges 9, 10 and the quantity of ink consumed calculated by the ink consumption operating means 
32, and feeds a signal to the suction mode specifying means 31, and to a duty setting means 36 and a display means 
38, which will .be-described later, every time the difference falls below. one of a plurality of reference values that are 
defined by graduation. 

20 [0032] That is, as shown in Fig. 3, the following remaining ink levels are available: two ink end levels, a near end 
level, a large-scale suction prohibit level, and a suction prohibit level. The ink end levels include a level in which the ink 
within the ink cartridges has run out and a level in which the ink at least remains in the ink cartridges after an ink sucking 
operation has been performed. The near end level is a level In which some 2 to 20 % of the total ink remains. The large- 
scale suction prohibit level is a level in which some 2 to 25% of the total ink remains. The suction prohibit level is a level 

25 in which some 2 to 30% of the total ink remains. 

[0033] Out of the aforementioned parts and components, it is preferred that the ink consumption operating means 
32, of which a particularly high calculation capability is required, be incorporated as part of the function of the CPU 
belonging to the host apparatus through the printer driver software installed into the host apparatus. 
[0034] The operation of the thus constructed apparatus will now be described based on the flowcharts shown in 

30 Figs. 3 through 9. 

[0035] See Fig. 3. Upon turning a power supply switch SW on (S100), initialization processing (Fig. 4), which will 
be described later, is performed (S101). Then it is judged whether or not the power supply remains on (S102). If the 
power supply switch is off when this step is performed, the overall operation is brought to an end after the power supply 
turn-off processing has been performed (S109). The power supply turn-off processing includes storing the quantity of 

35 ink calculated by the consumption operating means 32 into the consumption storage means 33. 

[0036] On the other hand, if the power supply is on when step S102 is performed, a determination is made as to 
whether or not the ink cartridges 9, 1 0 have been replaced (S1 03). This determination is based on a signal from the ink 
cartridge load/unload detecting means 22. If the ink cartridges have been replaced, ink cartridge replacement process- 
ing (Fig. 6), which will be described later, is performed (S104). 

40 [0037] Processing then continues with a determination as to whether the cleaning button or switch 30 has been 
pressed. If the ink cartridge replacement processing has not been performed or if the cleaning switch 30 has been 
pressed after replacement of the ink cartridges 9, 10 has been complete (S105), then cleaning processing (Fig. 7), 
which will be described later, is performed (S106). 

[0038] Processing thereafter continues with a determination as to whether there is any printing data (S1 07). If there 
45 presently is no printing data, the processing steps (S1 02) through (S1 07) are repeated. Thus, the printer waits for either 
the presence of printing data (detected at S1 07) or the shutting off of the power supply (detected at S1 02) 
[0039] Upon reception of printing data, printing processing (Fig. 8), which will be described later, is initiated (S108). 
[0040] When the power supply switch SW is turned off, the operation is brought to an end after the quantity of ink 
consumed calculated by the ink consumption operating means 32 has been stored in the consumption storage means 
so 33 (S1 09) and the stop timer 26 has been operated, if necessary. 

[0041] See Fig. 4. Fig. 4 shows the details of initialization processing according to an embodiment of the invention 
(refer to S1 01 of Fig. 3). When the power supply sensing means 25 detects the turning on of the power supply, the con- 
sumption operating means 32 reads from the consumption storage means 33 the data relating to the quantity of ink 
already consumed (S1 10). The consumption storage means then performs initialization processing such as positioning 
55 carriage 1 and forwarding paper. These activities make the apparatus ready for printing (S1 1 1). 

[0042] When the apparatus is ready for printing, processing continues with S1 1 2 where a determination is made as 
to whether or not the ink cartridges 9, 10 are loaded. This d termination is based on a signal from the ink cartridge 
load/unload detecting means 22. If ink cartridges are not loaded, th display means 38 displays an error message 
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(51 13) , and the apparatus stands by until the ink cartridges 9, 1 0 are loaded. Upon confirmation that the ink cartridges 
9, 10 having been loaded correctly, ink consumption check processing, which will be described later, is performed 

(5114) . 

[0043] See Fig. 5. The ink jet recording apparatus is designed to jet ink droplets out of nozzle openings by causing 

5 pressure producing chambers to apply pressure to the ink. Therefore, in view of such design, the Inkjet recording appa- 
ratus is required to maintain the same condition both during shipment and during operation. That is, for meeting such 
requirement, measures to prevent the drying of the recording heads or entrance of dust into the recording heads are 
taken by charging a dummy solution into the recording heads. Therefore, prior to starting up the operation of the record- 
ing apparatus, the dummy solution charged into the recording heads 7, 8 must be completely discharged; i.e., a so- 

io called initial loading operation must be performed. 

[0044] In order reliably to account for the discharge of the dummy solution, a first quantity of ink to be sucked, which 
is the quantity of ink to be discharged by a first sucking operation, is added to the consumption operating means 32 in 
advance (S1 15). Next, a sucking operation is performed at the sucking speed specified for the first sucking operation 
(S1 16). Then, a second quantity of ink to be sucked, which is the quantity of ink to be discharged by a second sucking 

is operation, is added to the consumption operating means 32 in advance (S1 1 7). After, a sucking operation is performed 
at the sucking speed specified for the second sucking operation (S1 18). A third quantity of ink to be sucked, which is 
the quantity of ink to be discharged by a third sucking operation, is added to the consumption operating means 32 in 
advance (S1 19). Then, a sucking operation is performed at the sucking speed specified for the third sucking operation 
(S120). " 

20 [0045] Thus, the quantities of ink to be used for initial charging are added, in advance, on a step-by-step basis 
before sucking operations are performed with respect to the ink cartridges 9, 10 in large quantifies. Therefore, even if 
the power supply is turned off during a sucking operation, the quantity of ink remaining in the ink cartridges 9, 10 can 
conservatively be estimated. As a result, the running out of ink during printing and the draining of ink out of the record- 
ing heads 7, 8 can be avoided. 

25 [0046] See Fig. 6. When the near end level or the ink end level is detected by the remaining ink level judging means 
35 despite the fact that the ink cartridge load/unload detecting means 22 has detected the loading of new ink cartridges, 
the reset means 34 determines whether it is the black ink cartridge 9 or the color ink cartridge 10 that signals the 
detected ink level (S1 21 ). If it is the black ink cartridge 9 that signals the detected ink level, the quantity of ink consumed 
in the black ink cartridge is reset (S1 22), whereas if it is the color ink cartridge 1 0 that signals the detected ink level, the 

30 quantity of ink consumed in the color ink cartridge is similarly reset (S1 22). 

[0047] As a result of this operation, the quantity of ink consumed can be automatically reset only by performing the 
ink cartridge replacement processing. That is, the ink consumption resetting operation to be performed by the user after 
the ink cartridges have been replaced can be dispensed with, and the resetting errors so often associated with the user 
can be precluded. 

35 [0048] On the other hand, if the remaining ink level judging means 35 indicates other levels that are larger than the 
near end level, the ink consumption resetting operation is not performed by the ink consumption operating means 32 
under the judgment that the user has erroneously unloaded and then loaded the same ink cartridges. In this case, even 
if it has been judged erroneously that the old ink cartridges have been unloaded and then loaded despite the fact that 
such old ink cartridges have actually been replaced with new ink cartridges, and even if the ink is thereafter sucked in 

40 large quantities for the cleaning processing and the like, the draining of ink from the recording heads 7, 8 can reliably 
be prevented. 

[0049] The remaining ink level judging means 35 judges that the ink remains in large quantities from the fact that 
the quantity of ink consumed has been reset. The suction mode specifying means 31 outputs to the suction control 
means 29 a signal indicating a large quantity of ink may be sucked in association with replacement of the ink cartridges. 
45 As a result, the suction control means 29 performs suction processing in the large-scale suction mode, which will be 
described later, and operates the suction timer 39 (S124). When the suction timer 39 has measured a predetermined 
time T1 that is equivalent to the large quantity of ink to be sucked (S125), the suction processing is stopped and the 
suction timer 39 is then reset (S126). 

[0050] Not only is the remaining ink level (at the time the ink has been charged) indicated in relative terms (i.e., in 
so percentage), but the remaining ink level also is controlled based on this percentage until a next replacement of the ink 
cartridges. By indicating the quantity of ink that is given by subtracting the quantity of ink to be sucked in association 
with replacement of the ink cartridges as being 1 00% in this way, the user can be informed of the remaining ink level as 
correctly as possible. 

* [0051] Further, for the operation of charging the ink into the noncharged recording heads 7, 8 prior to starting up 
55 the recording apparatus, i.e., for the so-called initial charging operation, the quantity of ink given by subtracting the 
quantity of ink to be sucked that is equivalent to the quantity of ink to be initially charged is displayed as being 100%. 
As a result of this indication, even if there is a difference in the quantity of ink to be consumed for an ink charging oper- 
ation between ink cartridge replacement after starting up the recording apparatus and first ink cartridge loading at the 
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time of starting up the recording apparatus, the actual remaining ink levels after performing the-ink charging operations 
can be displayed. Thus, the user can be informed of the remaining ink levels more simply, and the indication that the 
remaining ink level is 1 00% gives the user a sign that the ink charging operation has been terminated. Hence, the user 
can recognize the end of the ink charging operation without any special display. 

5 [0052] See Fig. 7. When a cleaning processing command is given by pressing the cleaning switch 30, the remain- 
ing ink level is confirmed through ink consumption check processing (Fig. 9) to be described later (S1 27), and after the 
confirmation, it is judged whether or not a printing operation has been performed since the last cleaning processing 
(S128). If no printing operation has been performed since the last cleaning processing, the quantity of ink to be sucked 
in a very small-scale suction mode is added to the consumption operating means 32 in advance (S137), and upon com- 

10 pletion of the addition, a sucking operation is performed in the very small-scale suction mode (S1 38). 

[0053] On the other hand, if a printing operation has been performed since the last cleaning processing, the volume 
of data printed by such a printing operation is judged (S1 29). If the volume of data printed is large, then, the large-scale 
suction prohibit mode (S130) is released. Then, the quantity of ink to be sucked in the small-scale suction mode is 
added to the consumption operating means 32 (S131). Next, a small-scale sucking operation is performed (S132). 

15 [0054] If the volume of data printed since the last cleaning processing is found to be small (S129), it is judged 
whether or not the large-scale suction prohibit mode is specified (S133). If so, the large-scale suction prohibit mode is 
released (S130), and then the small-scale sucking operation is performed (S131 , S132). 

[0055] On the other hand, if the large-scale suction prohibit mode is not specified and if the ink cartridges 9., 10 
have plenty of ink, then the number of operations of the cleaning switch 30 in the last cleaning processing is sensed by 
20 a cleaning counter or the like. Then, if the cleaning counter indicates a predetermined number, e.g., 3, the cleaning 
counter is reset to 1. If the cleaning counter indicates a number lower than 3, then, after incrementing the number 
(S134), the quantity of ink to be consumed by large-scale suction is added to the consumption operating means 32 in 
advance (S135), and a sucking operation is performed in the large-scale suction mode (S136). 

[0056] Thus, before suction processing is performed in the very small-scale suction mode, the small-scale suction 
25 mode, or in the large-scale suction mode, the quantity of ink to be sucked is added to the consumption operating means 
32 in advance. That is, such addition processing precedes the suction processing. Therefore, unlike the case where the 
quantity of ink to be sucked is added after a sucking operation, even if the power supply or the like is interrupted during 
the suction processing, the remaining ink level of the ink cartridges 9, 1 0 can be set to a value on the safety side; i.e., 
the remaining ink level can conservatively be estimated. Hence, this processing is advantageous in preventing the 
30 draining of ink from and the introduction of bubbles into the recording heads 7, 8 due to the ink having been consumed 
by the suction processing. 

[0057] See Fig. 8. Not only are the type of recording head 7 or 8 and the type of ink to be used for printing judged, 
but also the print mode is confirmed (S139). Also, the quantities of ink to be jetted per droplet both during printing with 
the specified recording head 7 or 8 and during flushing are set based on the data stored in the coefficient setting means 
35 37(S140). 

[0058] The quantity of ink to be consumed by the flushing processing before printing which is to be performed prior 
to a printing operation is added to the ink consumption operating means 32 in advance (S141), and the flushing 
processing before printing is thereafter performed (S142). 

[0059] When the apparatus is ready to print after the preparations for printing have been finished, the average - 
40 quantity of ink to be consumed per pass of printing, e.g., the quantity of ink equivalent to half the maximum printing vol- 
ume is added in advance (S143). When the printing operation is started (S144), the total number of dots per pass is 
counted (S145), and the quantity of ink actually consumed by a single pass of printing is calculated by multiplying the 
counted total number of dots by the quantity of ink per droplet, and the calculated value is then added (S146). 
[0060] If the remaining ink level is judged to be at the near end level through the ink consumption check processing 
45 during printing (S158 (Fig. 9)), printing speed is reduced, e.g., by switching to a mode in which a single line of data is 
printed with a plurality of passes. By reducing the printing speed, in a particular case where the ink cartridges 9, 10 are 
of such a type that an ink absorbing body is impregnated with ink, the ink absorbing body is prevented from being evac- 
uated to a negative pressure due to the ink therein having been consumed. As a result, the ink present in the regions 
of the ink cartridges 9, 10 that are remote from the ink discharge ports connected to the recording heads 7, 8 can be 
so allowed to flow into the recording heads 7, 8 reliably, whereby the ink that is running low can more effectively be used 
up. 

[0061] Further, if print duty is restricted by the remaining ink level having been judged to be at the suction save level 
(S1 62, S1 63 (Fig. 9)), the ink remaining in small quantities in the cartridges 9, 1 0 can reliably be supplied to the record- 
ing heads 7, 8 by reducing the printing speed or by switching to the mode in which a single line of data is printed with a 
55 plurality of passes when the data having an extremely heavy print duty such as graphic printing data are to be taken 
care of. 

[0062] When the printing operation has lasted for a predetermined time so that the print timer 28 indicates that a 
periodic flushing operation is required (S147), the printing operation is suspended and the carriage 1 is moved to the 
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flushing position. Then, the quantity of ink to be jetted by periodic flushing is added to the ink consumption operating 
means 32 in advance (S149), and the flushing processing is performed upon completion of the addition (S150). 
[0063] If printing data is present after the flushing processing has been completed (S148), the aforementioned 
steps (S145) through (S150) are repeated to perform the printing operation. 
5 [0064] When all the printing data is printed (S1 48), the quantity of ink added in advance in step (S143) is subtracted 

(5151) , and the quantity of ink to be jetted by flushing is added to the ink consumption operating means 32 in advance 

(5152) , and flushing processing (as printing operation termination processing) is performed (S153). Then, the appara- 
tus waits for a next input of printing data. 

[0065] Thus, a printing operation is performed after adding the average quantity of ink to be consumed by a single 

10 pass of printing prior to initiating the printing operation, and then the quantity of ink added in advance as an estimate is 
subtracted upon end of the single pass of printing. Therefore, by doing so, the quantity of ink actually consumed that 
cannot be added unless the single pass of printing is terminated can be added in the form of an equivalent quantity even 
if such addition cannot be made due to the power supply having been turned off. As a result, the remaining ink level in 
the ink cartridges can be estimated to a value as close to the actual value as possible, so that a possible running out of 

is the ink during printing can be precluded. 

[0066] See Fig. 9. The remaining ink level of the loaded ink cartridges 9, 1 0 is calculated by taking into account the 
product of the elapsed time from the timing at which the cartridges 9, 10 for which the load timer 23 is operating have 
been loaded and the evaporation rate per unit time of an ink solvent from the cartridges 9, 1 0, the ink tubes, and the like 
(S154). - - 

20 [0067] If a cleaning processing command has not been given before step SI 55, the remaining ink level is compared 
with ink end judgment reference levels (S156). If the remaining ink level is judged to be at the ink end level, a message 
to that effect is displayed on the display means 38 (S157), and there is provided a prompt to replace the ink cartridges 
9, 1 0. If the remaining ink level is judged to be between the ink end level and the near end level (S1 58), then a message 
"near end level" is displayed on the display means 38 (S159). Further, if the remaining ink level is judged to be over the 

25 near end level and at the large-scale suction prohibit level (S160), then the large-scale suction prohibit mode is speci- 
fied (S161) so as to prevent the ink from inadvertently being consumed in large quantities by cleaning. 
[0068] Still further, if it is judged that the remaining ink level in the cartridges 9, 1 0 is somewhat low so that smooth 
ink supply at a normal ink sucking speed within the ink absorbing body might be interrupted although the ink can be 
sucked for cleaning (S162), the quantity of ink to be sucked is restricted, and the so-called duty also is restricted (S163), 

30 the duty being the number of dots to be printed per unit time during printing. In cases other than the above, it is judged 
that the ink cartridges 9, 10 have ink necessary and sufficient for normal operation (S164). 

[0069] If the cleaning switch 30 has already been pressed prior to the ink consumption check processing (S155), it 
is judged before cleaning whether the remaining ink level is at the ink end level by comparing the remaining ink level 
with the ink end judgment level so that the apparatus gets ready for consuming ink for cleaning (S165). If it is judged 

35 that the remaining ink level is below the ink end level according to such judgment level, then the remaining ink level is 
judged to be at the ink end level even if a printing operation can be performed at such remaining ink level, and a mes- 
sage "ink end level" is displayed on the display means 38 (S157), and replacement of the ink cartridges 9, 10 is 
prompted before cleaning. As a result, substantially all the ink in the ink cartridges 9, 10 can be consumed, and hence 
a possible running out of ink from the recording heads 7, 8 can be precluded. If the remaining ink level is judged to be 

40 more than the ink end level, the aforementioned steps (S158) through (164) are performed. 

[0070] While the large-scale suction processing and the small-scale suction processing are performed by a single 
suction mode in the aforementioned embodiment, the suction mode may be altered in accordance with the remaining 
ink levels. That is, as shown in Fig. 10 and Fig. 1 1, the quantities of ink to be sucked by suction-processing are set to 
the consumption operating means 32 in advance (Fig. 10(S166), Fig. 1 1(S 171)), and then it is judged whether or not 

45 the suction save mode is specified (Fig. 10 (S167), Fig. 1 1 (S172)). If the suction save mode is not specified, a first 
large-scale sucking operation (Fig. 10 (S168)) or a first small-scale sucking operation (Fig. 11 (S173)) is performed 
through a normal sucking operation, the first sucking operations sucking the specified quantity of ink. 
[0071] On the other hand, if the suction save mode is specified while the remaining ink level is judged to be at the 
suction save level by the ink consumption check processing (Fig. 9) due to the ink in the ink cartridges 9, 10 having 

so been reduced (Fig. 1 0 (S1 67), Fig. 1 1 (S1 72)), the suction save mode is released (Fig. 1 0 (S1 69), Fig. 1 1 (S1 74)), and 
a second large-scale sucking operation (Fig. 1 0 (S1 70)) or a second small-scale sucking operation (Fig. 1 1 (S1 75)) for 
sucking the added quantity of ink may be performed by suppressing the flow of ink during sucking while reducing the 
numbers of revolutions of the pumps 16, 17, driving the pumps 17, 1 8 intermittently, or the like. 
[0072] Thus, the flow of ink to be sucked is suppressed without changing the quantity of ink needed for large-scale 

55 suction or small-scale suction. By doing so, in a particular case where an ink cartridge is of such type that an ink absorb- 
ing body made of a porous elastic body or the like is impregnated with ink, the quantity of ink needed for cleaning 
processing can be discharged while preventing interruption of the smooth flow of ink within the ink absorbing body. If 
the ink is running low, the quantity of ink needed for printing can be fed to the recording heads 7, 8 without interrupting 
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smooth flow of ink within the ink absorbing body by reducing the printing speed. Therefore, the cartridges 9, 10 whose 
ink is running low can be consumed without being wasted. 

[0073] While an example of a recording apparatus capable of effecting monochromatic and color printing by mount- 
ing two types of ink cartridges, one for black ink and the other for color inks, has been described in the aforementioned 
5 embodiment, it is apparent that similar advantages can be provided when the invention is applied to-recording appara- 
tuses dedicated to only monochromatic printing. 

[0074] Further, while an example of a recording apparatus that mounts ink cartridges on the carriage has been 
described in the aforementioned embodiment, it is apparent that similar advantages can be provided when the invention 
is applied to recording apparatuses in which an ink cartridge is accommodated in a casing and the ink is supplied to the 
io recording head through a passage forming means such as a tube. 
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Claims 

1 . An ink jet recording apparatus comprising: 
an inkjet recording head (7) for jetting an ink droplet in accordance with printing data; 
an ink cartridge (9, 10) supplying ink to said recording head (7); 
capping means (13) for sealing said recording head; 

a suction pump (1 8) for evacuating said capping means to a negative pressure; 

suction control means (29) for controlling suction processing for discharging said ink by sucking said recording 
head (7) with said suction pump (18); and 

remaining ink level judging means (35) comprising means forjudging a remaining ink level of said ink cartridge 
(9; 10); 

wherein, when said suction control means (29) changes a way of consumption of ink when said remaining ink 
judging means (35) judges said remaining ink level to be equal to or smaller than a first judgement level. 

2. An inkjet recording apparatus according to claim 1 , wherein said suction control means (29) limits a quantity of ink 
to be sucked when said remaining ink judging means (35) judges said remaining ink level to be equal to or smaller 
than said first judgement level. 

25 3. An ink jet recording apparatus according to claim 2, further comprising: 

flushing means (27) for jetting an ink droplet to prevent said recording head from clogging; and 

wherein a quantity of ink to be discharged by flushing processing being added as a quantity of ink consumed 

before said flushing processing is performed. 

30 

4. An ink jet recording apparatus according to claim 3, further comprising means (20) for setting a quantity of ink to 
be jetted per ink droplet during said flushing processing. 

5. An inkjet recording apparatus according to claim 2, further comprising means (20) for setting a print duty based on 
35 said remaining ink level judged by said remaining ink level judging means (35). 

6. An ink jet recording apparatus according to claim 2, further comprising means (20) for reducing a printing speed 
when a remaining ink level judged by said remaining ink level judging means (35) is equal to or smaller than said 
first judgement level. 

40 

7. An ink jet recording apparatus according to claim 1. wherein said suction control means (29) limits an ink sucking 
speed when said remaining ink judging means (35) judges said remaining ink level to be equal to or smaller than 
said first judgement level. 

45 8. An inkjet recording apparatus according to claim 7 f further comprising means (20) for setting a print duty based on 
said remaining ink level judged by said remaining ink level judging means (35). 

9. An ink jet recording apparatus according to claim 1 , wherein said remaining ink level judging means (35) integrates 
quantities of ink discharged from said recording head (7) to judge said remaining ink level; and 

so wherein said suction control means (29) forbid to suck ink when said remaining ink judgement means (35) judges 
said remaining ink level to be equal to or smaller than said first judgement level. 

10. An ink jet recording apparatus according to claim 9, further comprising: 

55 ink replacement detecting means (11; 12; 22) for detecting replacement of said ink cartridge (9; 1 0); 

wherein said remaining ink level judging means (1 1 ; 1 2; 22) has a second judgement level, which is an ink end 
level, lower than said first judgement level, and a third judgement level which is between said first and second 
judgement levels; and 
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wherein said remaining ink level judging means (35) is reset by a signal from said ink cartridge replacement 
detecting means (1 1 ; 1 2; 22) when said remaining ink level judging means (35) judges said remaining ink level 
to be equal to or smaller than said third judgement level. 
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FIG. 6 
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FIG. 8 
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